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352 O’Callaghan et al February 2015inﬂuences outcomes; however, we think that its effects in this
situation are minimal as we had performed more than 400
fenestrated repairs alone before the ﬁrst staged procedure
(meaning that technical improvements were unlikely to be
relevant), and the principles of multimodal optimization of
spinal perfusion were fully embedded in out institution by
2008, as described in our previous publication (meaning
that there were no ancillary anesthetic or perioperative mea-
sures instituted that would account for the improvement in
outcome with staged repair).8 A related confounder is that
of selection bias, the more extensive type II repairs being
selected for staging, which is reﬂected in the increased pro-
portion of aorta excluded in the two-stage group. However,
the bias in this case would serve only to heighten the risk
with staging, making the lower spinal ischemia rate associ-
ated with this technique all the more encouraging.
CONCLUSIONS
Staged repair appears both to protect against SCI and
to enhance overall survival in extensive aortic repair.
AUTHOR CONTRIBUTIONS
Conception and design: AO, TM, ME
Analysis and interpretation: AO, ME
Data collection: AO
Writing the article: AO, ME
Critical revision of the article: AO, TM, ME





1. Adams HD, Van Geertruyden HH. Neurologic complications of aortic
surgery. Ann Surg 1956;144:574-610.
2. DeBakey ME, Creech O Jr, Morris GC Jr. Aneurysm of thor-
acoabdominal aorta involving the celiac, superior mesenteric, and renal
arteries; report of four cases treated by resection and homograft
replacement. Ann Surg 1956;144:549-73.
3. Svensson LG, Hess KR, Coselli JS, Saﬁ HJ. Inﬂuence of segmental
arteries, extent, and atriofemoral bypass on postoperative paraplegia
after thoracoabdominal aortic operations. J Vasc Surg 1994;20:255-62.
4. Acher CW, Wynn MM, Mell MW, Tefera G, Hoch JR. A quantitative
assessment of the impact of intercostal artery reimplantation on paral-
ysis risk in thoracoabdominal aortic aneurysm repair. Ann Surg
2008;248:529-40.
5. Greenberg RK, Lu Q, Roselli EE, Svensson LG, Moon MC,
Hernandez AV, et al. Contemporary analysis of descending thoracic
and thoracoabdominal aneurysm repair: a comparison of endovascular
and open techniques. Circulation 2008;118:808-17.
6. Verhoeven EL, Tielliu IF, Bos WT, Zeebregts CJ. Present and future of
branched stent grafts in thoraco-abdominal aortic aneurysm repair: a
single-centre experience. Eur J Vasc Endovasc Surg 2009;38:155-61.
7. Buth J, Harris PL, Hobo R, van Eps R, Cuypers P, Duijm L, et al.
Neurologic complications associated with endovascular repair of thoracicaortic pathology: incidence and risk factors. A study from the European
Collaborators on Stent/Graft Techniques for Aortic Aneurysm Repair
(EUROSTAR) registry. J Vasc Surg 2007;46:1103-10; discussion: 1110-1.
8. Eagleton MJ, Shah S, Petkosevek D, Mastracci TM, Greenberg RK.
Hypogastric and subclavian artery patency affects onset and recovery of
spinal cord ischemia associated with aortic endografting. J Vasc Surg
2014;59:89-94.
9. Etz CD, Kari FA, Mueller CS, Brenner RM, Lin HM, Griepp RB. The
collateral network concept: remodeling of the arterial collateral
network after experimental segmental artery sacriﬁce. J Thorac Car-
diovasc Surg 2011;141:1029-36.
10. Greenberg RK, West K, Pfaff K, Foster J, Skender D, Haulon S, et al.
Beyond the aortic bifurcation: branched endovascular grafts for thor-
acoabdominal and aortoiliac aneurysms. J Vasc Surg 2006;43:879-86;
discussion: 886-7.
11. Svensson LG, Crawford ES, Hess KR, Coselli JS, Saﬁ HJ. Experience
with 1509 patients undergoing thoracoabdominal aortic operations.
J Vasc Surg 1993;17:357-68; discussion: 368-70.
12. Svensson LG, Patel V, Robinson MF, Ueda T, Roehm JO Jr,
Crawford ES. Inﬂuence of preservation or perfusion of intraoperatively
identiﬁed spinal cord blood supply on spinal motor evoked potentials
and paraplegia after aortic surgery. J Vasc Surg 1991;13:355-65.
13. Reilly LM, Chuter TA. Reversal of fortune: induced endoleak to
resolve neurological deﬁcit after endovascular repair of thor-
acoabdominal aortic aneurysm. J Endovasc Ther 2010;17:21-9.
14. Harrison SC, Agu O, Harris PL, Ivancev K. Elective sac perfusion to
reduce the risk of neurologic events following endovascular repair of
thoracoabdominal aneurysms. J Vasc Surg 2012;55:1202-5.
15. Biglioli P, Roberto M, Cannata A, Parolari A, Fumero A, Grillo F, et al.
Upper and lower spinal cord blood supply: the continuity of the
anterior spinal artery and the relevance of the lumbar arteries. J Thorac
Cardiovasc Surg 2004;127:1188-92.
16. Christiansson L, Ulus AT, Hellberg A, Bergqvist D, Wiklund L,
Karacagil S. Aspects of the spinal cord circulation as assessed by intra-
thecal oxygen tension monitoring during various arterial interruptions
in the pig. J Thorac Cardiovasc Surg 2001;121:762-72.
17. Zoli S, Roder F, Etz CD, Brenner RM, Bodian CA, Lin HM, et al.
Predicting the risk of paraplegia after thoracic and thoracoabdominal
aneurysm repair. Ann Thorac Surg 2010;90:1237-44; discussion: 1245.
18. Strauch JT, Spielvogel D, Lauten A, Zhang N, Shiang H, Weisz D,
et al. Importance of extrasegmental vessels for spinal cord blood supply
in a chronic porcine model. Eur J Cardiothorac Surg 2003;24:817-24.
19. Etz CD, Zoli S, Bischoff MS, Bodian C, Di Luozzo G, Griepp RB.
Measuring the collateral network pressure to minimize paraplegia risk
in thoracoabdominal aneurysm resection. J Thorac Cardiovasc Surg
2010;140(Suppl):S125-30; discussion: S142-6.
20. Etz CD, Zoli S, Mueller CS, Bodian CA, Di Luozzo G, Lazala R, et al.
Staged repair signiﬁcantly reduces paraplegia rate after extensive thor-
acoabdominal aortic aneurysm repair. J Thorac Cardiovasc Surg
2010;139:1464-72.
21. Canaud L, Karthikesalingam A, Jackson D, Cresswell L, Cliff M,
Markar SS, et al. Clinical outcomes of single versus staged hybrid repair
for thoracoabdominal aortic aneurysm. J Vasc Surg 2013;58:1192-200.
22. Saﬁ HJ, Miller CC 3rd, Estrera AL, Huynh TT, Rubenstein FS,
Subramaniam MH, et al. Staged repair of extensive aortic aneurysms:
morbidity and mortality in the elephant trunk technique. Circulation
2001;104:2938-42.Submitted Jun 26, 2014; accepted Sep 16, 2014.
Additional material for this article may be found online
at www.jvascsurg.org.DISCUSSIONDr Julie Ann Freischlag (Sacramento, Calif). I have one
initial question. Did you have patients that were scheduled to
have this two stage repair, you did the ﬁrst stage, and for whateverreason they never came back to the second? Did you lose any to
death or other issues between the two stages that were not
included in your review?
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second stage. Two patients suffered a rupture in the intervening
period. One of those patients, unfortunately, expired; and the sec-
ond patient had a successful open repair followed by a successful
fenestrated endovascular aortic aneurysm repair.
Dr Freischlag. Did that change your interval thoughts, or are
you still doing the same amount of time?
Dr O’Callaghan. There is about a 6 to 12 week lag before
we get the fenestrated device designed and ready, so our prac-
tice, when we decide to undertake a staged repair, is to perform
the thoracic endograft as soon as feasible, and in the meantime
we are ordering and constructing the customized fenestrated
device.
Dr William Quinones Baldrich (Los Angeles, Calif). Very
nice presentation and analysis of a large experience. These results
support my impression that staging reduces the risk of paraplegia.
Interval rupture is a well-documented risk. Is there any particular
morphology of the aneurysm that would make you want to repair
it in one stage or reduce the time between stages?
Dr O’Callaghan. Well, clearly, symptomatic patients deserve
an early repair. And as off the shelf devices become more feasible,
then the interval between the staged repairs will again become
shorter.
We know from experimental evidence by Dr Etz’s group that
the time for collateralization is approximately 5 to 7 days. So in
terms of how long we need to leave this, I would say 2 to 3 weeks
may be optimum; but I don’t think anyone knows the exact answer
to that question.
Dr Amy Reed (Hershey, Pa). You touched early on in the pre-
sentation about the length of time for collateralization. You
mentioned 6 to 12 weeks. Could you glean anything from the
data that you had as to the time frame of how long to wait? If
we wait longer, is it better, do patients develop more collateraliza-
tion? That would be assumed.
And then also as far as the extent of where you covered the
thoracic aorta, did you plan to stop at a certain level? Did you al-
ways stop before T10? What was your choice for that?
Dr O’Callaghan. When we implant a thoracic device, we’re
cognizant of leaving enough seal room for the fenestrated compo-
nent and balancing that with the need to cover enough aorta to
stimulate collateralization.
As to the time to collateralization, I don’t think anyone knows
the answer to that question. The numbers are too small and the
times are too heterogeneous to derive any ideal time. I suspect
that the time to collateralization may be much shorter than 6 to
12 weeks. Unfortunately, because of the nature of customized de-
vices, there is a 6 to 12 week lag and that, to an extent, determines
our present time delay.
Dr Thomas Lindsay (Toronto, Ontario, Canada). I’d like to
congratulate the authors as well. I think this is a very seminal piece
of work.
I have a couple of questions:
First of all, we know that when you do a two staged proce-
dure, the ﬁrst surgical stage really doesn’t take very long for the
thoracic piece. What do you think is most important, the inﬂu-
ence of the length of that surgery vs the length of time it takes
to put in a whole device, including the thoracic piece and the
custom?
The second question you didn’t mention is temporary para-
plegia. And as you know, many of these patients have temporary
paraparesis treated with elevating the blood pressure and spinal
cord drainage. And you didn’t touch on the evidence, or the inci-
dence of that, in both of those and maybe you could tell us a little
bit about that.
And then what sort of spinal cord protocol have you been
following for those with temporary paraparesis, and did you see
more in the ﬁrst stage or did you see more in the second stage?
Dr O’Callaghan. We saw one case of temporary paraplegia
following the ﬁrst stage. When we see weakness following the
operation, we endeavor to raise the mean arterial pressure over100 mm Hg, and we try and drop the spinal pressure at 10 or
below to try and alleviate that ischemia.
And in terms then of the paresis, approximately one ﬁfth of the
patients in the single stage group developed permanent paraplegia,
the rest resolved. And all the cases in the two stage group
completely resolved.
And those mirror Dr Eagleton’s publication last year on our
complete experience across our entire population of fenestrated
and branched patients.
Dr Ian Loftus (London, United Kingdom). Just to press on
Tom’s point, was there a difference in spinal drain protection pro-
tocol between those undergoing a single stage and those undergo-
ing the second stage of their staged repair, or are they managed
identically?
Dr O’Callaghan. That was one of the reasons why we chose a
relatively contemporary cohort of patients. In the period we chose,
2008 onwards, there have been no signiﬁcant changes in terms of
our algorithm. All the patients have a spinal drain inserted preop-
eratively. The spinal drain is set at 10 intraoperatively and main-
tained at that point for 2 days; unless the patient develops
ischemia, at which point the spinal drain is lowered and the
mean arterial pressure is raised. And there is absolutely no differ-
ence in terms of how we manage these patients intraoperatively
or postoperatively.
Dr Stephan Haulon (Lille, France). I try to stage as much as
possible also my type II endo repairs. The issue is to ﬁnd a sealing
zone in the middle of the descending thoracic aorta. In most of the
patients, we don’t ﬁnd it because the largest diameter endografts
we have today are 46 mm. Do you think we should design a
new type of endograft just for those two staged procedures?
Dr O’Callaghan. I think when you look into the experi-
mental work on this, these patients need some kind of an ischemic
stress. So designing an endograft that would lead to a threshold of
ischemia without causing complete paralysis seems intuitive. How-
ever, in our experience using commercial devices, we still ﬁnd a
beneﬁt to staging.
Dr Timothy A. Chuter (San Francisco, Calif). I wonder
about the potential for selection bias. How did you select the pa-
tients for the different approaches?
I would also like to comment on the nature of the two stage
procedure whereby you’re hoping for some aneurysm thrombosis,
as a stimulus to collateral formation, but not too much, and you
can’t really predict which it’s going to be. You’re left with two gen-
eral anesthetics, two spinal drain insertions, and all the associated
morbidity without a predictable beneﬁt. Have you considered
the use of a “perfusion-preserving cuff”?
Dr O’Callaghan. Dr Ivancic has published on his perfusion
preservation cuff on a series of 10 patients, and they found three
of those patients developed at least transient ischemia, which is a
rate of 30%. I mean, I think there are many ways to elicit this
stress response and there probably is no ideal method. Certainly,
in our experience, staging makes a lot of sense. To complete a
complete type II endovascular repair, it takes a number of hours,
and so anything that you can do to try and reduce that again
would seem to make intuitive sense, without having direct evi-
dence for it.
In the earlier years, we were staging less patients and per-
forming more of them as a single stage. However, in the last
3 years, most of our type II repairs are staged. So there is a
bias in that respect. But you saw from our results that the
two stage patients have signiﬁcantly more of the aorta covered
by the endovascular device, and therefore they would theoreti-
cally increase risk of spinal cord ischemia. Nonetheless, they
experienced increased survival and reduced overall rates of
ischemia. The perioperative management algorithm has not
changed since 2008.
Have we got everything correct? I don’t think so. We’re still
getting some rates of paresis. I think that probably relates to
your question about how much of the aorta we covered and
what kind of stress response we do elicit. We have no control
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much of the artery we cover in one cohort, we know how much we
can safely cover, I don’t think that question can be answered
correctly.
Dr Jan Blankensteijn (Amsterdam, Netherlands). Just a quick
practical question. Do you use a certain length of coverage as a
threshold to determine in your current practice to stage the proce-
dure, or not?Dr O’Callaghan. No, we have no ﬁxed number. From the
EUROSTAR data, a length of 200 cm would seem to indicate
that that’s one threshold. So again, that might be a number
you have in your head. But overall when we do the staged proce-
dure, we have the overall repair in mind and we are very cogni-
zant of leaving enough thoracic endograft so that we can safely
dock our custom device into it and achieve a durable seal between
devices.
